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DETAILED ACTION 

1 . A request for continued examination under 37 CFR 1.114, including the fee set 
forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this 
application is eligible for continued examination under 37 CFR 1.114, and the fee set 
forth in 37 CFR 1 .17(e) has been timely paid, the finality of the previous Office action 
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on April 
22, 2008, has been entered. 

Claim 1 has been amended. Claims 2-3, 5, 7 and 18-62 have been canceled. 
Therefore, Claims 1, 4, 6, 8-17 and 63 are pending in this office action. 

Claim Rejections - 35 USC § 103 

2. The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

3. Claims 1 , 6, 8-1 7 and 63 are rejected under 35 U.S.C. 1 03(a) as being 
unpatentable over Smalley et al. (US 2005/0249656 A1) in view of Hampden-Smith et 
al. (US 2003/0198849 A1). 

With regard to Claims 1, 6 and 63, Smalley et al. discloses forming a patterned 
array of single-walled carbon nanotubes (SWNT) wherein the SWNT are derivatized 
with a functional group (paragraph 001 1) and may be used in conjunction with carbon 
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black (paragraph 0059). The single walled carbon nanotubes have a diameter ranging 
from about 0.6nm up to 3nm, 5nm, 10nm, 30nm, 60nm or lOOnm (paragraph 0064). The 
SWNT and carbon black form a planar mat or "bucky paper" having a thickness of about 
100 microns (paragraph 0099). Smalley et al. discloses a catalyst metal comprised of 
platinum, in contact with the mat of carbon nanotubes. Smalley et al. also discloses 
wherein the catalyst metal further comprises one or more of the Group VI or VIII 
transition metals, specifically ruthenium, chromium, molybdenum, tungsten, iron, cobalt, 
nickel, rhodium, palladium, osmium and iridium (paragraphs 0161-0162). The SWNT 
exhibit a high level of conductivity, fewer defects than multi-walled carbon nanotubes 
and are very strong (paragraph 0058). 

Smalley et al. does not disclose the use of the SWNT to form a fuel cell electrode 
for use in a proton exchange membrane fuel cell or a direct methanol fuel cell. Smalley 
et al. also does not disclose wherein the catalyst metal is present in an amount less 
than 400 ug/cm2 of the planar area of the mat of carbon nanotubes and carbon black 
and wherein the electrode provides greater than 1 mA/cm 2 per ug Pt/cm 2 of the planar 
area of the mat of carbon nanotubes and carbon black. 

Hampden-Smith et al. discloses electrocatalyst powders for use as electrodes in 
fuel cells (paragraph 0027). Hampden-Smith et al. discloses the use of homo- and 
hetero-fullerene and carbon nanotube based materials as active components in the 
reduction of oxygen (paragraph 109). Hampden-Smith et al. also discloses an electrode 
structure utilizing platinum as the catalyst and having various surface loading values 
such as of 0.4 mg Pt/cm 2 (paragraph 417) and supported active species (platinum 
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electrocatalyst) loading of 0.1 img/cm 2 and a current density of 150 mA/cm 2 (paragraph 
38). Therefore, the electrode provides greater than 1 50 mA/cm 2 per 1 00 pg/cm 2 of the 
area of the carbon nanotubes. 

Therefore, at the time of the invention it would have been obvious to one of 
ordinary skill in the art to use a catalyst metal present in an amount less than 400 
ug/cm2 and wherein the electrode provides greater than 1 mA/cm2 per ug Pt/cm2 of the 
planar area of the mat of carbon nanotubes of Smalley et al., because Hampden-Smith 
et al. teaches that the performance of the electrode is primarily judged by reference to 
the relationship between the cell potential and the current density (paragraph 279, 
Figure 10) and it is advantageous to achieve a higher current density at a higher voltage 
and to maximize cell performance at low platinum loading (paragraph 286). Hampden- 
Smith et al. also teaches that using the absolute minimum amount of platinum catalyst 
is necessary for proper cell performance, reduces the cell weight and increases the 
power density of the fuel cell. 

With regard to Claims 8-1 1 , Hampden-Smith et al. discloses an electrode 
structure utilizing platinum as the catalyst and having various surface loading values 
such as 0.1 mg Pt/cm 2 (paragraph 417) and 0.05 mg Pt/cm 2 (paragraph 416). 
Hampden-Smith does not explicitly teach an electrode with a surface loading of 0.025 
mg Pt/cm 2 or 0.01 0 mg Pt/cm 2 , however, at the time of the invention it would have been 
obvious to one having ordinary skill in the art to use the absolute minimum amount of 
platinum catalyst in the electrode of Smalley et al., because Hampden-Smith et al. 
teaches this being necessary for proper cell performance and the decrease in the total 
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amount of catalyst required reduces cell weight and increases the power density of the 
fuel cell. The comparisons discussed in Hampden-Smith et al. evaluate cell 
performance employing various surface loading values. The comparisons concluded 
that the cell performance was virtually identical for a cathode loading of 0.1 mg Pt/cm 2 
and a catalyst loading of 0.4 mg Pt/cm 2 (paragraphs 415-417). The courts have held 
that the determination of optimum values of cause effective variable such as catalyst 
surface loading values require only ordinary skill in the art. See MPEP 2144.05. 

With regard to Claims 12, 13 and 17, Hampden-Smith et al. discloses in one 
embodiment, a proton exchange membrane fuel cell (PEMFC) utilizing the 
electrocatalyst electrodes for chemical reactions (paragraphs 0101, 0313), and in a 
second embodiment, Hampden-Smith et al. discloses utilizing a direct methanol fuel cell 
(DMFC) (paragraph 0314). Therefore, at the time of the invention it would have been 
obvious to one of ordinary skill in the art to use either a PEMFC or DMFC with the 
electrode of Smalley et al., because Hampden-Smith et al. teaches that one of the 
critical requirements for these energy devices is the efficient catalytic conversion of the 
reactants to electrical energy. A significant obstacle to the wide-scale commercialization 
of such devices is the need for highly efficient electrocatalyst materials for this 
conversion process. 

With regard to Claims 14-16, Hampden-Smith et al. discloses a membrane 
electrode assembly (MEA) having a supported active species (platinum electrocatalyst) 
loading of 0.1 mg/cm 2 and a current density of 150 mA/cm 2 (paragraph 38). Therefore, 
the electrode provides greater than 150 mA/cm 2 per 100 ug/cm 2 of the area of the 
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carbon nanotubes. Hampden- Smith discloses that the performance of the MEA is 
primarily judged by reference to the relationship between the cell potential and the 
current density (paragraph 279, Figure 10). Therefore, it is advantageous to achieve a 
higher current density at a higher voltage and to maximize cell performance at low 
platinum loading (paragraph 286). Although the current density is not explicitly stated as 
greater than 10, 50, or 100 mA/cm 2 per ug/cm 2 , it would have been obvious to one 
having ordinary skill in the art at the time of the invention to optimize the performance of 
the MEA (see Claims 66-70 of Hamden-Smith et al.). It has been held that discovering 
an optimum value of a result effective variable involves only routine skill in the art. See 
MPEP 2144.05. 

4. Claim 4 is rejected under 35 U.S.C. 103(a) as being unpatentable over Smalley 
et al. (US 2005/0249656 A1) and Hampden-Smith et al. (US 2003/0198849 A1), as 
applied to Claims 1 , 6, 8-1 7 and 63 above, and in further view of Fisher et al (US 
6,203,814 B1). 

Smalley et al. and Hampden-Smith et al. disclose the fuel cell electrode in 
paragraph 3 above, but do not disclose wherein the functional group is a carboxylic 
acid. 

Fisher et al. discloses a method of making functional ized nanotubes wherein the 
graphitic nanotubes orfullerenes are functionalized by chemical substitution (see 
abstract). Fisher et al. also discloses the use of a polycarboxylic acid in the process to 
functionalize the carbon nanotubes (column 7 lines 32-41). Therefore, at the time of the 
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invention, it would have been obvious to one of ordinary skill in the art to use a 
carboxylic acid to functionalize the electrode of Smalley et al. and Hampden-Smith et 
al., because Fisher et al. teaches the presence of the carboxylic acid aiding in the 
linking of nanotubes to form a mat or lattice layout (column 7 lines 32-46). 

Response to Arguments 

5. Applicant's arguments with respect to claims 1 , 4, 6, 8-1 7 and 63, have been 
considered but are moot in view of the new ground(s) of rejection. The rejections of 
record are based on the claims, as amended. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Karie O'Neill whose telephone number is (571)272- 
8614. The examiner can normally be reached on Monday through Friday from 8am to 
5pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Patrick Ryan can be reached on (571) 272-1292. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

Karie O'Neill 
Examiner 
Art Unit 1795 
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/Mark Ruthkosky/ 

Primary Examiner, Art Unit 1795 



